
(19) *EP003903836B1*
(11) EP 3 903 836 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
09.04.2025 Bulletin 2025/15

(21) Application number: 21170658.5

(22) Date of filing: 27.04.2021

(51) International Patent Classification (IPC):
A61L 2/08 (2006.01) A61L 2/10 (2006.01)
A61L 2/24 (2006.01)

(52) Cooperative Patent Classification (CPC):
A61L 2/10; A61L 2/08; A61L 2/24; A61L 2202/16;
A61L 2202/25

(54) A METHOD AND A SYSTEM OF DISINFECTING A ROOM
VERFAHREN UND SYSTEM ZUR DESINFEKTION EINES RAUMES

PROCÉDÉ ET SYSTÈME DE DÉSINFECTION D’UNE PIÈCE

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 27.04.2020 US 202063016009 P

(43) Date of publication of application:
03.11.2021 Bulletin 2021/44

(60) Divisional application:
22164016.2 / 4 062 944

(73) Proprietor: Carnegie Robotics, LLC
Pittsburgh, Pennsylvania 15201 (US)

(72) Inventors:
• LAROSE, David
Pittsburgh, PA 15201 (US)

• THYBO, Claus
8230 Aabyhøj (DK)

(74) Representative: Inspicos P/S
Agern Allé 24
2970 Hørsholm (DK)

(56) References cited:
WO-A1‑2015/116876 WO-A1‑2017/020028
WO-A1‑2018/089288 US-A1‑ 2018 193 502
US-A1‑ 2020 085 983

EP
3
90
3
83
6
B
1

Processed by Luminess, 75001 PARIS (FR)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).



2

1 EP 3 903 836 B1 2

Description

[0001] The present invention relates to amethod and a
system of disinfecting a room, such as a hospital room,
operating theatre, doctors consultancy, nursery, nursing
home or any other type of room.
[0002] In a first aspect, the invention relates to a meth-
od of disinfecting a room in accordance with claim 1.
[0003] Relevant technology may be seen in
WO2018/089288, US2020/085983, WO2015/11676,
US2018/193502 and WO2017/020028.
[0004] In the present context, disinfection is the killing
of at least a percentage of germs, bacteria or viruses
present on surfaces of the room. Disinfection may be
performed in many manners and will have different ef-
fects on different germs, bacteria and viruses.
[0005] Disinfection may be obtained by launching dis-
infecting radiation, such as X-ray or UV, such as UV-C
radiation, on to the surface. According to the invention,
the disinfection is performed by launching radiation on to
the surfaces. This has the advantage that the disinfection
may be swift and may immediately leave the room in a
condition where it may be inhabited.
[0006] A room may have any size and any surfaces.
Often, rooms have therein furniture or other objects
whichmay also need disinfection. Typical types of rooms
are rooms at hospitals, doctors, clinics, nursing homes,
and the like.
[0007] An irradiating unit is a unit configured to emit
radiationorparticles.Theunitmaycomprisea largerarea
for outputting the radiation/particles. Thus, particles/ra-
diation may be emitted from both a lower position and a
higher position so that e.g. a bedmay be disinfected both
frombelowand abovewithout the irradiating unitmoving.
Preferably, the radiation may reach no less than 1.5m,
such as 2m from the floor of all surfaces in the room. In
addition, it is preferred that radiation may be launched
upwardly from a height of less than 50cm from the floor,
suchas less than40cm. In addition, itmaybedesired that
radiation/particlesmaybe launched in a downward direc-
tion on to surfaces having a height of 1m from the floor.
Thus a stationary irradiating unit preferably is able to emit
radiation from at least two positions. In one embodiment,
the irradiating unit comprises one or more elongate irra-
diating elements, such as fluorescent lamps, which are
positioned vertically and which are configured to output
radiation from a portion which is closer than 50cm to the
floor and another portion which is above 100cm above
the floor.
[0008] Clearly, as will be described further below, an-
other embodiment has a movable arm with the radiation
emitter, so that the emitter may be moved about in the
room. An arm may be brought down to a height from
which it may emit radiation upwardly from a sufficiently
low position and later brought to a higher position from
which it may launch radiation downwardly to a higher
surface.
[0009] The irradiating unit is moved to a first position in

the room fromwhich radiation isemitted.While outputting
the radiation, an intensity of the output radiation is de-
termined. It is known that radiation emitters may change
over time so that over time less radiation is output. This
may be monitored using the intensity determination.
When disinfecting a surface, it often is desired that a
minimumdose of the radiation is launched on the surface
in order to achieve a minimum disinfection. The dose is
determined from the intensity directed toward the surface
and the period of time during which the intensity is de-
livered. The intensity delivered to the surface is deter-
mined from the intensity output from the emitter and the
distance to the surface, as well as the angle between the
radiation and the surface.
[0010] The intensity of the radiation emittedmaybe the
intensity close to the radiation emitter and may be de-
termined by an element forming part of the irradiating
unit. Radiation emitters exist which have built-in intensity
monitors.
[0011] From the position and the intensity, it may be
determinedwhich intensity or dose has reached different
surfaces, so that the disinfection may be quantified or
estimated.
[0012] Further below, a unit capable of forming a 3D
rendering or map of the room is described. This unit
makes it possible to not only determine the intensity
reaching individual surfaces but also surfaces which
cannot be reached as they are provided behind elements
forming shadows.
[0013] In one embodiment, themoving step comprises
determining the first position. This determination may be
adeterminationof theposition in the room.The irradiating
unit may comprise an element configured to determine in
which position it is. The position determining element
may be configured to determine its position from dis-
tances to e.g. the walls of the room and based on a
map of the room. Alternatively, the position may be
determined in advance and the unit positioned at the
position.
[0014] Thepositionmaybe identifiedasacoordinate in
amapof the room,asmay furnitureandotherelementsor
items in the room, such as equipment, luggage and other
elements. Especially interesting are items which may
generate shadows in the room so that some surface
portions are not reached by the radiation. The position
may be in a horizontal plane, such as projected on to the
floorof the room. Inaddition, itmaybedesired toknow the
3D position and direction of surfaces and elements in the
roomso that the intensity of the radiation impingingon the
surfaces may be determined. From this, also the emis-
sion characteristics of the irradiating unit are desired as
mentioned above.
[0015] As indicated above, a period of time is deter-
mined during which the intensity was emitted. This may
be used for determining a resulting dose of radiation
delivered to a surface portion.
[0016] In one embodiment, the outputting step com-
prises comparing the first position with a predetermined
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position andoutputting any discrepancy between the first
and predetermined positions. If a discrepancy or offset is
seen, the irradiation may not be as expected. Then, the
irradiating unit will be closer to some surfaces, thus
delivering more radiation to these, but farther from other
surfaces which then will receive less radiation. Thus, an
insufficient disinfection may be obtained.
[0017] Also, it may be desired to not irradiate some
surfaces more than necessary. Disinfecting radiation
may have detrimental effect on some materials, such
as some polymers, which age more rapidly when irra-
diated. Thus, not only a lower radiation may be proble-
matic but alsoanon-desiredexcessive irradiationmaybe
seen by the offset.
[0018] The offsetmay thus be counteracted at least for
the insufficient irradiation by irradiating the pertaining
surfaces more at a later point in time.
[0019] Naturally, also discrepancies or deviations from
a predetermined intensity may cause problems, espe-
cially if the intensity output is lower than expected. This
may also be reported, such as when the outputting step
comprises comparing the determined intensity with a
predetermined intensity and outputting any discrepancy
between the determined and predetermined intensities.
In addition or alternatively, a discrepancy in the time of
irradiation may be logged, as also this may lead to a
discrepancy of the dose delivered to e.g. a surface part.
[0020] In general, the information output may serve to
either indicate that a disinfection plan is observed or that
deviations have been seen from this plan. From such
deviations, the impact may be determined, such as
whether surfaces have been sufficiently disinfected or
whether further disinfection is desired. Preferably, the
plan would comprise positions and intensities, and op-
tionally alsoperiodsof timeof the irradiation, so thatwhen
following the plan, all relevant surface parts receive
sufficient irradiation.
[0021] Further below, a unit and amethod is described
which would be well suited for use in this method. This
unit andmethod is capableof notonly irradiating the room
but also to intelligently do so.
[0022] A second aspect of the invention relates to a
system according to claim 7.
[0023] In the present context, a system is an assembly
of elements which may be fixed to each other but which
may be separate and in communication with each other.
Communicationmay be wireless or wired and performed
on any desired protocol.
[0024] A self-propelled unit is a unit which may move
on its own. The unit thus may have a motor or other
actuator capable of moving the unit. The unit may have
a power source, such as a battery, fuel cell or solar
panels, or may be powered by a wire from e.g. mains
in the room.
[0025] More intelligent units may be robot-like units
which are able to sense their surroundings so as to be
able to manoeuvre independently, such as based on a
map of the room. Then, the unit may itself move to the

desired position.
[0026] An irradiating unit is a unit capable of outputting
disinfecting radiation, ions or particles. Preferably, the
irradiating unit is capable of emitting radiation. Then, the
intensity output may be controlled and determined as
may theemission characteristics, suchasawavelength/-
energy of the radiation, the intensity distribution and the
like.
[0027] The irradiating unit may have an emission dis-
tribution capable of irradiating both high and low surfaces
and around an angle of at least 100 degrees, such as at
least 200 degrees, suchas at least 300 degrees around a
vertical axis. In one embodiment, the irradiating unit
comprises one or more elongate fluorescent lamps cap-
able of irradiating 360 degrees around a vertical axis. In
another embodiment, the irradiating unit is positioned on
a movable arm capable of being directed in all directions
so as to be able to irradiate surfaces with any direction.
[0028] The position determining element may be an
element capable of driving the self-propelled unit to the
position or an element configured to determine a position
in which the self-propelled unit is. The position may be a
coordinate or other indication whichmay be entered by a
user/operator or the like.
[0029] A controller may be any type of processor,
ASIC, FPGA, DSP, microprocessor, hardwired or soft-
ware controlled. The controller may be a combination of
several such elements configured to communicate via
any protocol and on any medium. Clearly, part of the
controller and/or an operation thereofmay be handled by
a remote server and/or a cloud solution.
[0030] The controller is configured to determine the
intensity. This intensity may be reported from the irradiat-
ing unit or from a sensor positioned so as to receive
radiation from the irradiating unit. The intensity may
alternatively be determined from a power consumption
of the irradiating unit.
[0031] The controller is configured to output informa-
tion relating to the position and the determined intensity
or dose. As described above, this information may be
used for determining or estimating the disinfection of the
room, such as of different surface or surface parts of the
room.
[0032] The intensity determining element is also con-
figured to determine a period of time during which the
intensity was emitted.
[0033] In one embodiment, the controller is also con-
figured to compare the first positionwith a predetermined
position and output any discrepancy between the first
and predetermined positions. The positionsmay be iden-
tifiedby coordinates or the like.Amapof the roommaybe
determined in which the positions may be indicated. The
discrepancy may be a distance and/or a direction. Often,
thediscrepancy is determined in ahorizontal plane, but in
some cases, the discrepancymay be determined even in
three dimensions.
[0034] In one embodiment, the controller is configured
to compare the determined intensity with a predeter-
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mined intensity and output any discrepancy between the
determined and predetermined intensities. As described
above, this information may be used for outputting in-
formation from which the degree of disinfection may be
determined. Also, compliance with a disinfection plan
may be determined from the discrepancies.
[0035] An interesting technology relates to amethod of
disinfecting a room, the method comprising the steps of:

- providing a 3D rendering or map of the room,

- determining a plurality of positions fromwhich radia-
tion may disinfect predetermined surfaces of the
room, and

- controlling a self-propelled unit to sequentially move
to the positions and emit disinfecting radiation.

[0036] Clearly, all aspects, embodiments and situa-
tions of the invention may be interchanged. The present
technology may easily be combined with the method of
the first aspect of the invention, for example.
[0037] In the present context, providing a 3D rendering
or map of the roommay be the receiving of the rendering
or map. A 3D rendering or map is information fromwhich
the positions or relative positions of elements, such as
furniture, equipment and the like, may be determined.
This rendering or map may be used for navigating in the
room. Alternatively or additionally, the rendering or map
may be used for determining positions and angles of
surfaces. This may be relevant for determining a dose
delivered from an irradiating element positioned in a
predetermined position in the room. The 3D rendering
ormapmay be generated by usual means such as radar,
lidar, sonar, stereo imaging, laser scanning, structure
from motion, and the like. Structured light may be
launched into the room and the reflected radiation may
be used for determining the 3D positions of surfaces in
the room.
[0038] According to themethod, a plurality of positions
are determined from which radiation may disinfect pre-
determined surfaces of the room. A position may be that
of an irradiating unit. In one embodiment, as described
above, the irradiating unit may have stationary irradiating
elements mounted to it. In other embodiments, the irra-
diating unit may comprise a movable arm from which the
radiation is emitted.
[0039] The position is that from which the radiation is
emitted. Thus, if the radiation emitter is stationary on the
unit, the position may be that of the unit. If the radiation is
emitted fromanarm, thepositionmaybe that of theunit or
of the arm.
[0040] Theadvantage of providingmultiple positions is
that any element in the room may generate a shadow
shielding surface parts from receiving the radiation and
thusbedisinfected.Thus,whendisinfectingby irradiating
fromoneposition, somesurfaceportionsmaynot receive
radiation or not receive sufficient radiation. In some si-

tuations, some elements in the room will be over-ex-
posed before other elements have received sufficient
radiation. Then, another position may be determined
from which sufficient radiation may be received by sur-
faces which have not yet received enough radiation.
[0041] Thus, the roommayhavea first surfacewhich is
not visible from a first position but is visible from the
second position and a second surface not visible from
the second position but is visible from the first position.
[0042] Then, a self-propelled unit is controlled to se-
quentially move to the positions and emit disinfecting
radiation. In this manner, the intensity or dose delivered
to one or more surface parts may be determined so that
information may be generated as to the degree of disin-
fection of the surface part. This is described above.
[0043] In one embodiment, the providing step is per-
formed before the controlling step. Thus, the rendering or
map is first generated. This may be generated in ad-
vance, such as by another unit, or the room may be
standardized so that a predetermined map or rendering
may be used over time. Alternatively, the self-propelled
unit may comprise mapping elements, such as radar,
lidar or other elements as described above and below,
andmay derive the map or rendering before determining
the positions to visit. Generating a rendering or map of a
room is a standard technology.
[0044] Alternatively, the unit may enter the room and
perform the irradiation before or while performing at least
part of the rendering or mapping. Then, from that infor-
mation, theunitmaydetermineanext position fromwhich
irradiation is then performed while, potentially, further
mapping/rendering may be performed. This process
may be repeated until a desired disinfection is performed
of all relevant surfaces.
[0045] Even from the first rendering/mapping, poten-
tially shadowing elements may be identified, such as
from sudden distance changes. From a rendering or
map made from one position, a TV, for example, will be
seen as an element having a certain distance from the
wall. Thus, it may be inferred that the TV will generate a
shadow in which a wall portion is positioned.
[0046] In one embodiment, as described above, the
step of emitting the radiation comprises emitting the
radiation from an element movable vis-à-vis a base of
the unit. In this situation, the movement of the arm is
preferably tracked while outputting the radiation in order
todeterminewhichsurfacesare irradiatedandwithwhich
intensity.
[0047] In another embodiment, as described, the irra-
diating unit is stationary relative to the self-propelled unit.
[0048] In one embodiment, the method further com-
prises the step of outputting information relating to sur-
faces irradiated. In this manner, this information may be
used for indicating the degree of disinfection of the room.
Preferably, the information output further comprises in-
formation relating to a radiation dose received by one or
more portions of the irradiated surfaces. This may indi-
cate the degree of disinfection and may be used by the
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user or owner of the room for proving the degree of
disinfection. This information may be so detailed that
the degree of disinfection of individual surface portions
may be determined.
[0049] Then, the outputting step may comprise com-
paring the information relating to the radiation dose to
predetermined doses and outputting a result of the com-
parison. This may reveal surface portions having re-
ceived insufficient radiation and which may the not be
sufficiently disinfected.
[0050] As mentioned above, it may also be desired to
not irradiate some surfaces or material excessively. In
one embodiment, the providing step comprises identify-
ing one or more surfaces of the room, and wherein the
controlling step comprises determining, for each identi-
fied surface, a dose interval, and wherein the step of
emitting the radiation comprises emitting radiation to-
ward each identified surface to obtain a radiation dose
on each surface within the interval for that surface.
[0051] Some materials may deteriorate too swiftly if
irradiated excessively. It may be desired to limit the over-
all dose to a dose within an interval. Alternatively, it may
be desired to limit the intensity delivered to an interval. In
the latter situation, a desired dose may be obtained by
limiting the intensity but increasing the irradiating time.
[0052] In this situation, the identificationmay be based
on a shape or position of the surface. A particular ele-
ment, such as a computer, a desk, a TVor the likemay be
identified. From predetermined knowledge, it may be
known which dose or intensity interval that element or
its surface is capable of handling.
[0053] Alternatively, the surface may be determined
from e.g. an image (2D or 3D) thereof. A surface texture
or structure may be estimated. Reflection of radiation
may also be used for identifying a surface or the material
thereof.
[0054] Some surfaces may need a lower intensity or
dose, such as if bacteria or the like are not able to move
into the material but must remain on the surface thereof.
[0055] Other materials may be more porous or open
and may then require more intensity or radiation as the
bacteria and the likemay be provided inside this material
and thus may be more or less shielded by the material.
Alternatively, it may be desired to irradiate such surfaces
from multiple angles so that the identifying step may
comprise identifying a surface with predetermined char-
acteristics, and wherein the emitting step comprises
emitting radiation toward the pertaining surface from a
plurality of angles.
[0056] A surface may be identified by providing rele-
vant information, such as an image, to an operator which
may enter the material or desired irradiating parameter
which are then followed by the unit. Thus, in one embodi-
ment, the step of identifying a surface comprises:

∘ providing 2D or 3D information of the surface,
∘ outputting the information to an operator and
∘ receiving identifying information from the operator.

[0057] In one embodiment, as mentioned above, the
providing step comprises obtaining 3D information from
the room using a radar, lidar, sonar, stereo vision set-up,
structure from motion, or the like.
[0058] Yet another interesting technology is one relat-
ing to a system for disinfecting a room, the system
comprising:

- a storage for holding a 3D rendering or map of the
room,

- a self-propelled unit comprising a radiation emitter
and

- a controller configured to:

- determine a plurality of positions from which
radiation may disinfect predetermined surfaces
of the room,

- control the self-propelled unit to sequentially
move to the positions and emit disinfecting ra-
diation.

[0059] The storage may be any type of storage, such
asRAM,ROM,Flashor the like. The3D renderingormap
may be stored on any desired format.
[0060] Asmentioned above, the rendering ormapmay
be generated by the self-propelled unit or may be loaded
into the storage from a remote system, such as a server.
The rendering or map may be downloaded for each
irradiation of each room or may be a standard rendering
useful for more rooms or the same room multiple times.
[0061] Alternatively, themap or renderingmay be gen-
erated by a separate unit which may enter the room
independently of the self-propelled unit. The mapping
or rendering unit may itself be self-propelled if desired.
[0062] The self-propelled unit may be as described
above. The self-propelled unit comprises a radiation
emitter which may emit the radiation or particles de-
scribed above and which may have the structure and
capabilities described above.
[0063] The controller may be as described above. The
controller is configured to determine a plurality of posi-
tions from which radiation may disinfect predetermined
surfaces of the room. As described above, the determi-
nationof thepositionsmaybemade foreach irradiationof
the room, such as if the setting of the room changes from
time to time. Alternatively, the positions may have been
determined previously and are re-used.
[0064] As mentioned above, the positions preferably
aim at ensuring that all relevant surface parts are irra-
diated and disinfected.
[0065] Clearly, not all surface parts may need disinfec-
tion. It may not be desired or required to disinfect lamps,
ceilings, the frame of beds/chairs/tables or the like. Alter-
natively, different disinfecting schemes may be defined,
where a thorough disinfecting comprises disinfecting of
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more surface parts than a less thorough disinfection. It
may be desired to perform the less thorough disinfection
more often and then with a lower frequency the more
thorough disinfection.
[0066] The controller is capable of controlling the self-
propelled unit to sequentially move to the positions and
emit disinfecting radiation. The controller then may be
able to control one or more motors or actuators causing
the unit to move. Also, the controller may be in commu-
nication with sensors and the like capable of determining
at which position the unit is so that movement to the
desired position is possible. The controller may also
control the emission of the radiation, such as not only
turning the radiation on/off but also controlling the inten-
sity output. The radiation may not be homogeneous
around the unit, so that rotation of the unit or the irradiat-
ing element may be desired to obtain the desired irradia-
tion. If the unit comprises a radiation emitting arm, the
controller may also control this.
[0067] In one embodiment, the controller is configured
to operate the sensor to generate the 3D rendering or
map and subsequently determine the positions and con-
trol the unit. Then, the unit may itself generate the ma-
p/rendering. In thatmanner, the unitmay not need knowl-
edge of the room before entering it to disinfect it.
[0068] Asdescribed above, the unitmay choose to first
provide the map or rendering and then determine the
positions and perform the irradiation. Alternatively, the
map/rendering may be generated iteratively while irra-
diation is performed from the individual positions.
[0069] Asdescribed, in one embodiment, the unit com-
prises a base unit and an element movable in relation to
the base, the radiation emitter being provided in the
movable element. In this situation, the controller may
also be capable of operating this movable element.
[0070] In one embodiment, the controller is further
configured to output information relating to surfaces irra-
diated. This information may be the position of the sur-
faces or the direction to the surfaces, such as from a
predetermined point in the room. In addition or alterna-
tively, the controller may be configured to further output
information relating to a radiation dose receivedbyoneor
more portions of the irradiated surfaces. In this manner,
the degree of disinfection of individual surface portions
may be determined.
[0071] In one embodiment, the controller is further
configured to compare the information relating to the
radiation dose to predetermined doses and output a
result of the comparison. The predetermined doses
may be desired minimum doses so that the comparison
may identify surface portions which have not been suffi-
ciently disinfected. Even though the unit is capable of
movingbetweendifferent positions in the room, itmaynot
be possible to get sufficiently close to a surface to disin-
fect it properly without, for example, excessively irradiat-
ing other surfaces.
[0072] As described above, it may be possible to ex-
cessively irradiate some surfaces. Also, some surfaces

or materials may require more irradiation than others.
Then, in one embodiment, the controller is configured to:

- identify one or more surfaces of the room,
- determine, for each identified surface, a dose inter-

val, and
- control the radiation emitter to emit the radiation

comprises emitting radiation toward each identified
surface to obtain a radiation dose on each surface
within the interval for that surface.

[0073] In one embodiment, as mentioned above, the
controller is configured to identify a surface with prede-
termined characteristics and control the emitter to emit
radiation toward the pertaining surface from a plurality of
angles.
[0074] Clearly, a disinfecting planmay then be defined
comprising positions/paths and irradiation times, so that
an optimal disinfection may be obtained. From knowl-
edge of the surface parts, their position(s) and potentially
other parameters, a disinfecting plan may be derived
ensuring sufficient irradiation of all surface parts. If sur-
face parts also have a maximum intensity or dose, this
may be incorporated into the plan. Such plans may be
arrived at using e.g. convex optimization or MLD (Mixed
Logical Dynamics) methods.
[0075] In one embodiment, the controller is configured
to identify a surface by:

o providing 2D or 3D information of the surface,
∘ outputting the information to an operator and
∘ receiving identifying information from the operator.

[0076] Having received the information from the op-
erator, this information may be stored so that there is no
need to ask the next time a surface with the same
characteristics, such as colour, colour variation, texture,
structure or the like, is seen.
[0077] In one embodiment, as described above, the
apparatus further comprises a sensor configured to gen-
erate the 3D rendering or map.
[0078] In the following, preferred embodiments are
described with reference to the drawing, wherein:

- Figure 1 illustrates a hospital room,
- Figure 2 illustrates a first embodiment of an irradia-

tion robot,
- Figure 3 illustrates a second embodiment of an

irradiation robot.

[0079] In figure1, ahospital room20 is illustratedwith a
bed 22, a table 24, a chair 26 and bedside equipment 28.
It is desired to disinfect the room using disinfecting radia-
tion, such as UV radiation.
[0080] Figure 2 illustrates a first embodiment of a robot
30 suitable for disinfecting a room. The robot has an
upstanding portion 32 comprising one or more outwardly
directed radiation emitters 34 configured to emit disin-
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fecting radiation from the emitters and toward the sur-
roundings, i.e. surfaces of the room and its contents.
[0081] A problem encountered using a radiation emit-
ting robot is that shadows may occur, i.e. surfaces exist
whichmaynot be irradiatedand thusdisinfected. In figure
1, a fat star marks a radiation emitting robot positioned at
the star. It is seen that the equipment 28 receives the
radiation and thus prevents the radiation from reaching
the wall behind it. A shadow is generated as indicated by
the double arrow.
[0082] The solution may be to move the robot subse-
quently (or before) to the position of the slender star, as
the wall portion may be disinfected from this position.
[0083] A more autonomous robot is desired, so the
robot 30 comprises a sensor 36 configured to generate
a 3D map or rendering of the room and the contents.
Thus, the robot is configured to realize that theequipment
28 will generate a shadow and thus determine a path to
takewhile irradiating or different positions fromwhich the
irradiation may be performed to reduce or eliminate the
shadows.
[0084] It is noted that the position of shadows will
dependalsoon fromwhichheight the radiation isemitted.
Thus, it may be desired to emit radiation from different
heights of the robot so that radiation may be emitted
below the bed or table and from a direction further below
so that the radiation is directed upwardly to surfaces
below the bed and table, for example.
[0085] Naturally, generating a 3D rendering or map
may require obtaining data from different heights in the
room. Thismaybe obtained by using sensors provided at
different heights on the robot 30. It is desired to generate
the information at least for all angles of attack of the
radiation. Alternatively, the sensor 36 may be translata-
ble up and down along the portion 32 to provide the
information needed to generate themap/rendering. Also,
it may be desired that the sensor may then be moved
away from the radiation emitter so as to not itself create
shadows.
[0086] Figure 3 illustrates another embodiment of a
robot 40 configured to emit disinfecting radiation. The
robot 40 comprises an arm 42 with a head portion com-
prising radiation emitter(s) 44. The armmay bemoved in
any desired manner to direct the radiation toward the
surfaces, such as on the bed, below the bed, on thewalls
and the like. The use of the armmakes it easier to reduce
the sizeof the shadowsevenwhen the robot is stationary.
However, shadows may still exist, and the robot 40 also
comprises the sensor 36 for generating the 3D map or
rendering.
[0087] The sensor 36 may be based on stereo vision,
laser scanning, sonar, radar, lidar, or any other desired
rendering technology. The sensor 36 may also comprise
a controller configured to interpret the sensed radiation,
sound or the like to arrive at the 3D map or rendering.
Alternatively, amorecentral controller 38/48maybeused
which can also be used for controlling the robot, such as
the movement thereof, the operation of the radiation

emitter(s) as well as the arm if present.
[0088] In general, the mapping/rendering sensor 36
may be provided on a separate arm if desired so that
its movement may be independent of the movement of
the irradiating element.
[0089] The sensor 36 may be used for additional pur-
poses. Having provided the 3D rendering/map, the sur-
faces of the room are determined. The sensor, controller
or robot may now determine the dose of the disinfecting
radiation received by each surface or portion of each
surface. Thus, it may be ensured and even proved that
each surface has received sufficient radiation to be dis-
infected. The dose received depends on the intensity
emitted toward the surface portion, the distance to the
surface portion as well as the period of time of the
irradiation. Also, the angle between the general direction
of the wall portion and that of the radiation should be
taken into account. This information is available to the
robot, so that the radiation intensity and/or the irradiation
time may be controlled to arrive at the desired disinfec-
tion. Additionally, this informationmay be logged for later
proof that the room was sufficiently disinfected.
[0090] In fact, information may be derived from the
map/rendering as to what the surfaces may be formed
by. For example, from reflection or surface texture, it may
be determined or assumed that a surface is steel, hard
plastics, soft plastics/rubber, wood, glass, textile or the
like.Alternatively, a standard2D imagemaybeused from
which colours, surface texture and the like may be esti-
mated. From this, the desired dose may be determined.
Steel, glass and hard plasticsmay be assumed to have a
hard and non-porous surface and thus need less radia-
tion than wood or textile which may have a porosity in
which bacteria and/or virus particles may settle. Such
porous surfaces may require a higher dose to be disin-
fected. Thus, in addition to tracking the dose delivered to
different surface parts, also the type of surface part may
be tracked and logged to determine the dose required
and in order to also use this information to prove that the
room is disinfected.
[0091] The surface may also be identified from its
shape, appearance and/or position. A TV may be
mounted on the wall and a computer may be identified
by its shape. From that information, it may be decided
how to irradiate them. The controller may hold predeter-
mined information as to how to irradiate such elements.
For example a keyboard of a computermay be especially
contaminated whereas it may be desired to irradiate a
monitor less intensely.Also, elements suchas keyboards
may require irradiation from multiple sides due to poro-
sity/grooves or the like therein.
[0092] If a surfacecannotbe identifiedby thecontroller,
information, such as an image may be output to an
operator, whichmay feedback information of thematerial
of the surface and/or how to irradiate the surface, such as
minimumdose,maximum intensity,multiple anglesor the
like.
[0093] Other parameters to take into accountmay be a
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maximum intensity which a material or surface may be
able to withstand. It may be desired to deliver a dose to
some materials or surfaces over a longer period of time.
Some plastic materials, for example age faster at higher
intensities.
[0094] Alternatively, an upper dose limit may be set for
surface portions. This may also be based on the type or
material forming the surface.
[0095] Then, the robotmay then start bygenerating the
3D map/rendering or a part thereof and determine a
position from which to start irradiating. Using the robot
40, the radiation may be controlled rather precisely. With
the robot 30, multiple positions may be determined and
used in order to not only avoid the shadows but also to
control the distance to surface portions and thus the dose
delivered.
[0096] Clearly, the robot(s) may be able to control the
emission of radiation. Thus, the intensity may be con-
trolled aswell as the angle of emission. The robot 30may
be able to emit radiation 360 around a vertical axis
through the portion 32 but may be able to control the
intensity emitted in some or all directions in order to tailor
the dose delivered to different surface portions.
[0097] Havingfinished the radiationatoneposition, the
robot may move to another position, which may be de-
termined from the 3Dmap/rendering, where after irradia-
tion is resumed. This may be repeated until a sufficient
irradiation of all relevant surface portions of the room
have taken place.
[0098] Asmentioned, the irradiation may be logged so
that information may be retrieved relating to the dose
delivered to different surface portions. Also, this informa-
tion may relate to the surface portion, such as an as-
sumed material, porosity or the like.

Claims

1. A method of disinfecting a room comprising a sur-
face, the method comprising:

- moving an irradiating unit to a first position in
the room,
- emitting radiation from the irradiating unit to-
ward the surface, during a period of time, while
determining an intensity of emitted radiation
emitted to the surface,
- determining a dose of radiation launched on
the surface from the determined intensity and
the period of time,
- outputting information relating to the position
and the determined dose,

characterized in that the intensity delivered to the
surface is determined from an intensity output from
the emitter, a distance to the surface, and an angle
between the radiation and the surface.

2. A method according to claim 1, wherein the moving
step comprises determining the first position.

3. A method according to any of the preceding claims,
wherein the outputting step comprises comparing
the first position with a predetermined position and
outputting any discrepancy between the first and
predetermined positions.

4. A method according to any of the preceding claims,
wherein the outputting step comprises comparing
the determined intensity with a predetermined inten-
sity and outputting any discrepancy between the
determined and predetermined intensities.

5. A method according to any of the preceding claims,
wherein the dose is determined also based on a
distance to the surface.

6. A system for disinfecting a room comprising a sur-
face, the system comprising

- a self-propelled unit comprising

- an irradiating unit,
- an intensity determining element and
- a position determining element and

- a controller configured to:

- determine an intensity of emitted radiation
launched toward the surface and a period of
time during which the radiation was
launched toward the surface, and
- output information relating to the position
and a dose of radiation delivered to the
surface based on the intensity and the per-
iod of time,

characterized in that the controller is configured to
determine the intensity delivered to the surface from
an intensity output from the emitter, a distance to the
surface, and an angle between the radiation and the
surface.

7. Asystemaccording to claim6,wherein the controller
is also configured to compare the first position with a
predetermined position and output any discrepancy
between the first and predetermined positions.

8. A system according to any of claims 6‑7, wherein the
controller is configured to compare the determined
intensity with a predetermined intensity and output
any discrepancy between the determined and pre-
determined intensities.

9. A system according to any of claims 6‑8, wherein the
controller is configured to determine the dose also
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based on a distance to the surface.

Patentansprüche

1. Verfahren zum Desinfizieren eines Raums, umfas-
send eine Oberfläche, wobei das Verfahren Folgen-
des umfasst:

- Bewegen einer Bestrahlungseinheit an eine
erste Position in dem Raum,
- Emittieren von Strahlung von der Bestrah-
lungseinheit zu der Oberfläche während eines
Zeitraums, während eine Intensität von emittier-
ter Strahlung, die auf die Oberfläche emittiert
wird, bestimmt wird,
- Bestimmen einer Strahlungsdosis, die auf die
Oberfläche abgeschossen wird, anhand der be-
stimmten Intensität und des Zeitraums,
- Ausgeben von Informationen in Bezug auf die
Position und die bestimmte Dosis,

dadurch gekennzeichnet, dass die Intensität, die
an die Oberfläche abgegeben wird, anhand einer
Intensitätsausgabe vondemEmitter, einemAbstand
zu der Oberfläche und einem Winkel zwischen der
Strahlung und der Oberfläche bestimmt wird.

2. Verfahren nach Anspruch 1, wobei der Bewegungs-
schritt Bestimmen der ersten Position umfasst.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Ausgabeschritt Vergleichen der ers-
ten Position mit einer vorbestimmten Position und
Ausgeben jeglicher Abweichung zwischen der ers-
ten und der vorbestimmten Position umfasst.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Ausgabeschritt Vergleichen der be-
stimmten Intensität mit einer vorbestimmten Inten-
sität und Ausgeben jeglicher Abweichung zwischen
der bestimmten und der vorbestimmten Intensität
umfasst.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Dosis ferner basierend auf einem
Abstand zu der Oberfläche bestimmt wird.

6. SystemzumDesinfizieren einesRaums, umfassend
eine Oberfläche, wobei das System Folgendes um-
fasst:

- eine selbstangetriebene Einheit, umfassend

- eine Bestrahlungseinheit,
- ein Intensitätsbestimmungselement und
- ein Positionsbestimmungselement und

- eine Steuerung, die zu Folgendem konfiguriert
ist:

- Bestimmen einer Intensität von emittierter
Strahlung, die auf die Oberfläche abge-
schossen wird, und eines Zeitraums, wäh-
rend dem die Strahlung auf die Oberfläche
abgeschossen wurde, und
- Ausgeben von Informationen in Bezug auf
die Position und eine Strahlungsdosis, die
an die Oberfläche abgegeben wird, basie-
rend auf der Intensität und dem Zeitraum,

dadurch gekennzeichnet, dass die Steuerung da-
zu konfiguriert ist, die Intensität, die auf die Ober-
fläche abgegeben wird, anhand einer Intensitäts-
ausgabe von dem Emitter, einem Abstand zu der
Oberfläche und einem Winkel zwischen der Strah-
lung und der Oberfläche zu bestimmen.

7. System nach Anspruch 6, wobei die Steuerung fer-
ner dazu konfiguriert ist, die erste Position mit einer
vorbestimmten Position zu vergleichen und jegliche
Abweichung zwischen der ersten und der vorbe-
stimmten Position auszugeben.

8. System nach einem der Ansprüche 6‑7, wobei die
Steuerung dazu konfiguriert ist, die bestimmte Inten-
sität mit einer vorbestimmten Intensität zu verglei-
chen und jegliche Abweichung zwischen der be-
stimmten und der vorbestimmten Intensität auszu-
geben.

9. System nach einem der Ansprüche 6‑8, wobei die
Steuerung dazu konfiguriert ist, die Dosis ferner
basierend auf einem Abstand zu der Oberfläche
zu bestimmen.

Revendications

1. Procédé de désinfection d’une pièce comprenant
une surface, le procédé comprenant :

- le déplacement d’une unité d’irradiation vers
une première position dans la pièce,
- l’émission d’un rayonnement depuis l’unité
d’irradiation vers la surface, pendant une pé-
riode de temps, tout en déterminant une inten-
sité de rayonnement émis vers la surface,
- la détermination d’une dose de rayonnement
lancée sur la surface à partir de l’intensité dé-
terminée et de la durée,
- la délivrance en sortie d’informations relatives
à la position et à la dose déterminée,

caractérisé en ce que l’intensité délivrée à la sur-
face est déterminée à partir d’une intensité délivrée
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en sortie de l’émetteur, d’une distance à la surface et
d’un angle entre le rayonnement et la surface.

2. Procédéselon la revendication1,dans lequel l’étape
de déplacement comprend la détermination de la
première position.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape de délivrance en
sortie comprend la comparaison de la première po-
sition avec une position prédéterminée et la déli-
vranceen sortie de toute différenceentre la première
position et la position prédéterminée.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape de délivrance en
sortie comprend la comparaison de l’intensité déter-
minée avec une intensité prédéterminée et la déli-
vrance en sortie de toute différence entre les inten-
sités déterminées et prédéterminées.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la dose est déterminée
également sur la base d’une distance à la surface.

6. Système de désinfection d’une pièce comprenant
une surface, le système comprenant

- une unité automotrice comprenant

- une unité d’irradiation,
- un élément déterminant l’intensité et
- un élément déterminant la position et

- un contrôleur configuré pour :

- déterminer une intensité de rayonnement
émis lancé vers la surface et une période de
temps pendant laquelle le rayonnement a
été lancé vers la surface, et

- délivrer en sortie des informations relatives à la
position et à une dose de rayonnement délivrée
à la surface sur la base de l’intensité et de la
durée,

caractérisé en ce que le contrôleur est configuré
pour déterminer l’intensité délivrée à la surface à
partir d’une d’intensité délivrée en sortie de l’émet-
teur, d’unedistanceà la surfaceet d’unangle entre le
rayonnement et la surface.

7. Système selon la revendication 6, dans lequel le
contrôleur est également configuré pour comparer
la première position avec une position prédétermi-
née et générer toute différence entre la première
position et la position prédéterminée.

8. Système selon l’une quelconque des revendications
6 à 7, dans lequel le contrôleur est configuré pour
comparer l’intensité déterminée avec une intensité
prédéterminée et générer toute différence entre l’in-
tensité déterminée et l’intensité prédéterminée.

9. Système selon l’une quelconque des revendications
6 à 8, dans lequel le contrôleur est configuré pour
déterminer la dose également sur la base d’une
distance à la surface.
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